Abstract. The mating advantage of rare Drosophila males is tested using two eye color mutants. In one experiment, the flies remained for three hours in observation chambers containing 25 pairs; in another experiment they stayed for 24 hours in mass cultures of 200 individuals. The outcome of this latter experiment was followed for ten generations, with all competition other than that for mates eliminated. For initial frequencies of 80 per cent for the common and 20 per cent for the rare type, the frequencies converged to approximate equality because the rare males were favored as mates. When the formerly rare type increases in frequency, it loses its mating advantage, and a balanced equilibrium is eventually attained.
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Darwin' described sexual selection as ". . . the struggle between the individuals of one sex, generally the males, for the possession of the other sex. The result is not death to the unsuccessful competitor but few or no offspring." Recent work (see Petit and Ehrman2 for further references) has shown that in some instances sexual selection is frequency dependent. If two kinds of males, A and B, are present in different proportions, then the number of matings per A individual is greater when A is rare, while B males are relatively more successful in mating when their kind is in a minority. Drosophila males may mate repeatedly within the period of observation, while the females mate only once; if the number of the males and females are equal, some of the rare males may mate twice, or more times, and some of the males of the common type may not mate at all. If the two kinds of males are genetically different, the mating advantage of the rare kind will confer upon the latter a selective premium. The frequency of the initially rare genotype is expected to increase from generation to generation. When the mating advantage disappears, a balanced equilibrium will be reached. It is possible that some genetic and chromosomal polymorphisms are maintained in Drosophila populations by such frequency-dependent balancing selection. The study to be reported here has been designed to test this possibility experimentally. Most of the previous work2-6 used various techniques of direct observation of the numbers of matings taking place among flies confined in the small space of an observation chamber. In the experiments described below the flies were, for several successive generations, allowed to mate in mass cultures. The proportions of the two types in each generation were determined according to their mating success in the previous generation. Mutant markers were used to trace the matings that occurred and the resulting frequencies of the competing genotypes.
The Experimental Procedures. Two strains of Drosophila pseudoobscura were used.
One is homozygous for the third chromosome recessive orange (or, bright cinnabarred eyes), and the other homozygous for the recessive purple (pr, dark eyes) in the same chromosome. The double heterozygote, or +/+ pr, has dark red, wild type eyes, and the double homozygote, or pr/ or pr, has white eyes. The technique of direct observation of the matings, and the simple apparatus used, have been described and figured by Ehrman.8' I This technique was employed to gather the data presented in Table 1 . The method permits recording four types of matings, i.e., or 9 X or 6, or 9 X pr c, pr 9 X or 6", and pr 9 X pr dc. It is also possible to record the time when each mating occurs and its position in the sequence of all matings. Females and males, aged separately for at least 3 days, were introduced into an observation chamber, and were observed at 4 min intervals, or even more frequently, for 3 hr. The flies were easily distinguished by their eye colors with the aid of a four-power hand lens.
The data reported in Table 2 were gathered by placing 100 pairs together in a half-pint milk bottle containing food, for 24 hr. After this length of time, all the males were discarded, each female was placed in a separate vial, and permitted to deposit eggs. The eye colors of the resulting progeny indicated which males had mated with which females. The experiments were run for ten generations. The initial numbers of these flies were as follows: (1) 80 or 9 9 + 80 or c cPi + 20 pr 9 9 + 20 pr ci6 (top of Table 2), and (2) 80 pr 9 9 + 80 pr ci c" + 20 or 9 9 + 20 or cle (bottom of Table 2 ). To form genera- Results and Discussion. Table 1 summarizes the results of the direct observation studies. The data are presented in two ways, taking into account "all matings" or only the first half of the observed matings (the first half in each experimental run), "early matings." This is necessary because, while a female will mate only once during the three-hour period of observation, a male can, and often does, mate repeatedly. Wild-type D. pseudoobscura females will almost all mate under these experimental conditions, but mutant females will not; for the data presented in the first and second rows of Table 1 , 53.5 per cent of the females mated, while 59.0 per cent mated for the data in the last row. The chi-squares have one degree of freedom.
The mutants or and pr were selected because of the results shown in the first row: When present in equal numbers, these flies will engage in essentially random mating. (Or 9 9 tend to accept males somewhat earlier than pr 9 9 ). Furthermore, or and pr individuals show no preferences for homogamic matings. Levene's isolation index7 calculated for the figures in row 1 is -0.03 4 0.10. This index ranges from -1.00 (a preference for heterogamic matings) to 0 (random matings) to +1.00 (a preference for homogamic matings); the index for equal numbers of or versus pr is not different from zero. The frequencies of the four possible types of matings observed in this instance were (1) or 9 X or 6 = 25, (2) or 9 X pr = 29, (3) pr 9 X ord = 26, and (4) pr 9 X pr c = 27. When pr is rare (20%0), it enjoys no rare-type advantage in the observation chambers. None of the chi-squares in row 2 indicate statistically significant deviations from randomness. When or is rare, the or a a possess an advantage in mating. The or 9 9 becomes inseminated before pr 9 9 when they are rare. The direct observation studies described above were undertaken before the mass matings were started, though the mass mating tests were begun before the others were completed.
The results of the mass matings are presented in Table 2 . They are clear: In the two reciprocal experiments, the percentages of the two types have converged toward equality. The initial advantages of the rare genotypes disappeared as their carriers became more and more frequent. This equalization of frequencies came about because of a mating advantage possessed by the rare males. From 20 per cent at the start, pr increased to 54 per cent (top of Table 2) and would have been 47 per cent at the start of the 11th generation; or rose from 20 per cent to 47 per cent (bottom of Table 2 ) and would have been 44 per cent at the start of the 11th generation. So pr ci di too have a mating advantage when rare in the mass cultures with prolonged mating time, though they did not display this in the three-hour duration in the observation chambers. An equilibrium has obviously been reached in both instances since the percentages of or and pr are no longer changing from approximately 4:6; 1:1; 6:4 relationship to each other. As was previously shown4 there most often is no rare-type mating advantage at ratios as close to 1: 1 as 4:6 is. Yet the two similar equilibria have been reached somewhat differently: The experiment begun with 80 or: 20 pr was 60 or: 40 pr by the next generation. The 20 or: 80 pr experiment moved toward a 1: 1 ratio more slowly. Also, generation five and six of the 80 or :20 pr experiment displayed a reversal of common and rare types while the progress in the reciprocal experiment was straightforward. (For this reason in row 5, top of Table 2 , the observed and expected figures in the righthand columns are not those for the rare males.) Throughout these tests, however, both the or and pr females mated by-and-large in proportion to their respective percentages. In the mass cultures, the total percentages of females inseminated ranged from 38 to 84; this can be ascertained simply by summing up the numbers of the four possible matings in each generation. Unlike the males, these females displayed no frequencydependent mating success.
The author is grateful to Mrs. M. K. Giles for her assistance in performing these experiments. 
